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PREFACE

‘ TEPIAC's documentation activities involve the collection of recorded information

. on the thermophysical and electronic properties of matter. TEPIAC has devised a sub-
stance classification scheme in which materials are divided into different series and
classes according to their chemical and/or physical properties and application. The
classification system is a key to the world literature on thermophysical and electronic

properties,

This manual provides the rules and definitions of TET "'s classification
procedure, All amendments in format, definitions, nomenc! ve rules, etc., which
f are presented in this manual supersede the contents of the pr :ous editions,

1 Special thanks are due to a number of CINDAS staff, . M, James
ravised the technical sections on Thermophysical and Electr. ..: Properties. Dr,
P, D. Desai, Dr. P, E, Liley, and Dr, R, A, Matula provided useful comments and

Mr. H. K. Koutoujian prepared the complete section on the Electronic Properties,
Mrs, C. Rodriguez prepared the many tables and proofed the final manuscript,

This manual could not have been written without the advice and assistance of
Mrs, J. K. Gerritsen and Mr, J. F., Chaney.

] July 1977 V. Ramdas
¢ Editor
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INTRODUCTION

One of the major objectives of TEPIAC is to collect recorded information on the
thermophysical and electronic properties of matter. The ""Retrieval Guide' is a unique
publication providing the scientist and engineer with a convenient source of information

on thermophysical and electronic properties,

The activities of the Coding Section are involved primarily with the preparation
of the directory of substances and the technical coding. This manual should be read thor-
oughly before the new coder attempts to use TEPIAC's classification system. It will
be of maximum value if it is studied in conjunction with the actual substance dictionaries

being prepared for the current volume,

The rules set forth in this manual are the key to consistent technical coding.
The maintenance of a uniform classification system cannot be overemphasized. It is
important, therefore, that any change in TEPIAC's coding policy, however minor, be

directly written into this manual to facilitate the preparation of a future edition.
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PART I

THE SUBSTANCE CLASSIFICATION SYSTEM AND CODING FORMAT

Thermophysical and electronic properties information at TEPIAC is organized
by substance, The classification scheme can accommodate any material for which in-

formation about these properties exists or may be generated in the future,

TEPIAC has a classification scheme which is designed to accommodate materials
into similar groups, selected preferably by their chemical composition, However, cer-

tain substances do not readily lend themselves to a purely chemical classification; they
are classified, instead, by their physical form and/or application.

On the following pages the various codes and substance classification criteria

are fully discussed:

A, TECHNICAL CODING IN BRIEF

The process of technical coding involves the following steps:

1. Thorough review of the document.
2. Extraction of pertinent information from the document,

Translation of the information into code letters (see Part I-B below) record-
ing of the code letters, substance number, and document number on the
TEPIAC "Technical Coding Form" (see Part I-C, page6).

4. Assignment of a substance number and preparation of the substance entry
for the materials directory.

After these steps have been completed, the coded information is p. ocessed by

computer for storage, retrieval, and eventual publication of the ""Retrieval Guide. "

B. THE CODE LETTERS

The letter codes representing the extracted information from research documents
are defined in Tables 1 and 2, page 3 and 4, respectively. Most of the paramecters
listed in the tables are self-explanatory. Those which require comments are:
1. TEPIAC Properties - A review of the properties can be found in Appendix I and IL

Thermophysical Properties - page 50.
Electronic Properties - page 84,

2. Physical State - Enter separate code lines (multiple coding) if more than
one code is needed, Multiple coding is not used (solid not coded) for

amorphous solid, superconductive solid, doped solid, expanded solid,
fibrous solid, powder solid, or solid film,




C - Superconductive (superconductive state at temperature <24°K)

D - Doped (impurities intentionally added)

E - Expan..c¢l (including foamed)

F - Fibrous (or Whisker)

. G - Gas

I - Ionized (only gases at high temperatures, i.e,, Plasmas)

L - Liquid (including liquid crystals)

M - Multiphase (powder-fluid, solid-fluid, liquid-gas systems; including
suspensoids and emulsions such as petrolatum, blood, paint, mud,
paste, gel, etc.)

P - Powder (loose or cold pressed; including coarser, granular particles)

S - Solid (including sintered)

T - Thin or Thick film (A solid thin film will be coded as T only)

| 3. Dopant - The intentionally added impurity will be identified by the periodic
: table groups (Table 3, page5). The appropriate code number for the
dopant will be entered in column 15 of the Technical Coding Form (Table

4, page7).

4, Subject - Write separate code lines (multiple coding) if more than one code
is needed.

D - Data (original property values) - No matter how these are obtained
or what else is discussed in the paper. Includes data sheets from
manufacturers,

E - Experimental - Includes a description, discussion, or theory about
the experimental technique or apparatus for the determination of
property values,

G - General - Data with experiment and theory.

S - Survey or Review (critical or informative - on a broad scale about
experimental techniques or theories). Includes Data Collections
(compilation of data on a broad or limited scale, e, g., handbooks,
data books, etc,), Discussions and Nomographs, (This does not
include papers which contain only one or two values, from liter-
ature, for the TEPIAC properties, )

T - Theoretical - Original theory or a modification of an existing theory.
A theoretical discussion. Analytical development for the predic-
tion of results.

5. Language - Original foreign language papers and their English translations
are assigned separate accession numbers, Such a pair of papers is coded
identically, although the appropriate language code letters are used,

C - Czech G ~ German P - Polish
D - Dutch I - Italian R - Russian
E - English J - Japanese S - Spanish
F - French O - Other

6. Temperature Range - Enter separate code lines (multiple code lines) when
there is an overlap of temperature ranges. The code letter N for Normal
will be assigned when the temperature is not indicated in the paper.

F - Full range (Low + Normal + High)

L - Low (<-198°C, <75°K, <-324°F, <136°R)

N - Normal (£1000°C, <1273°K, <1832°F, <2292°R, or when unspec-
ified)

H - High (>1000°C, >1273°K, >1832°F, >2292°R)

- i SRl cocnlle i s Moo i . o 5 >




TABLE 1, CODE PARAMETER LETTERS AND NUMBERS OF
THERMOPHYSICAL PROPERTIES

' Thermophysical Physical Dopant Subject L a Temperature
. Property State Groups Cover anguage Range
Thermal Super- _ _ - _Low + Normal
A—Conductivity C‘conductivq 1-1A & 1B D-Data |C-Czech [F-, High
£-198 C
Accommodation Exper- € 75K
B-Coefficient [P Doped | 2-TIA, IB B~ oy (D-Dutch I-g a4 F
< 136 R
, $£1000 C
«t Thermal Theory :iggg I}E
1 C-Contact E-Expanded | 3-IITA G-+ Expt.| E-English |N- <2292 R
Resistance + Data or when
‘ unspecified
Fibrous >1000 C
_Thermal - _ _Survey,| . _>1273 K
Diffusivity F g\;‘hisker 4-IvA Review F-French |H >1832 F
>2292 R
E-Specific Heat |G-Gas 5-VA T-Theory|G-German
- . Ionized _ _
. F-Viscosity I- (Plasma) 6-VIA I- Italian
1
: G-Emissivity L-Liquid |7-VIA, VIIA J-Japanese
Multi- VB, VB,
,”4 H-Reflectivity M- hase 8-VIiB, VIIB, O-Other
3y P VIII
IIIB
Powder >
I- Absorptivity  |P-or Fine |9-Larthanide, P-Polish
: Particle nide
Series
Other or
J- Transmissivity {S-Solid O—Uns pecified R-Russian
’ Thin or
i K-a/e T~ Thick Filnk S- Spanish
] L- Prandt] Number
‘ : N_Thermal Linear
{ Expansion
Thermal Abstract
O- gg‘;’::g;c A - Coded from abstract
D - Coded from document
H - Hard copy
. M - Microfiche
.

Nl sl bbb o i




TABLE 2, CODE PARAMETER LETTERS AND NUMBERS OF
ELECTRONIC PROPERTIES

Electronic Physical Dopant Subject Temperature
Property State Groups Coverage | Language Range
Absorption Low +
AS- . 1-1A, IB D-Data C-Czech |F-Normal+
Coefficient
High
£-198 C
_Dielectric _Super- _ _Experi-| £ 75K
bC Constant C conductive 2-1IA, B E ment D-Dutch I"-5-324 F
< 136 R
Theory N-<1000 C
ps -Dielectric  D-Doped 3-TIIA G-+Expt. | E-English | s1273K
Strength +Dat <1832 F
E-Expanded a
<2292 R
~ Fibrous or _Survey, _ or when
EB Et:fergy Band F-W'hisker 4-IVA S Review F-French unspecified
Effective H->1000 C
EF- Mass G-Gas 5-VA T-Theory | G~-German 51273 K
Ionized >1832 F
EG-Energy Gap I- (Plasma) 6-VIA I ~-Italian 9299 R
Electric .
EH- Hysteresis L~ Liquid 7-VIIA, VIIIA J-Japanese
IVB, VB,
EL-Energy Level |M-Multiphase |8-VIB, VIIB, O-Other
VIII
IIIB
Powder ’
Electrical _ . _Lanthanide, -
ER-Reststivity |79 21% | Actinide P-Polish
Series
Hall . Other or
HC- - oefficient §-Solid “Unspecified R-Russian
Magnetic _Thin or _
MH- g vsteresis | Thick Film S-Spanish
MO-Mobility
_Magnetic
Susceptibility
RI- Refractive
Index
WF-Work Functio
General Properties Abstract
Electron Emission
EP- Properties A-Coded from abstract
GI—"-1"{"@'3"“’1%“lc D-Coded from document
Properties
H-Hard copy
Lp- Luminescence M-Microfiche
Properties
MP_Magnetomechanlcal
Properties
PP- Photoelectronic
Properties
T p- Thermoelectric
Properties
Zp- Plezoelectric
Properties
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7. Coding from Abstract

a. For Thermophysical Properties, only the letter A is used in column
35to indicate a document coded from abstract, Extended theses ab-
stracts and abstracts of articles in translated Russian journals fall un-
der this category.

g‘gr Electronic Properties, the following code letters are used in column
A - Coded from abstract

*H - Hard copy

*M - Microfiche,

- C. THE TECHNICAL CODING FORM

Code parameter letters, substance classification numbers, and document numbers
are written in the appropriate spaces on the Substance Coding Form. On the sample form
that follows, Table 4, page 7, "X's" are marked in the spaces which are identified on
the right-hand side of the form.,

On the lower half of the form a sample paper is coded. A brief description of

paper number T69004 (E100961) follows:

"Single-crystal Raman and infrared spectra of vanadium pentoxide. " The oriented
single-crystal Raman and IR spectra of V,0; were determined, and absorption
frequencies were compared with those calculated by using a simple transferred
force field, Departures from previously established oxide-group frequencies
were due to the relative lightness of V,

D, THE SUBSTANCE CLASSIFICATION NUMBER

Substances are described in one of two forms, i.e., composition, and/or name,
Each substance is then assigned a numerical code for processing by computer,

The substance classification code used by TEPIAC has a simple structure., Sub-
stances are grouped within 10 series: Each series contains up to 100 classes: and each
class contains up to 10, 000 substances. Thus the complete arrangement of the series-
class-substance code grouping for the seven digit substance number cited in the example

on the next page is as follows:

Complete substance code
1 22-0016 | (7 digits accommodate 10,000,000 substances)

Substance code within a class
(4 digits accommodate 10, 000 substances per class)

Class code within a series
(2 digits accommodate 100 classes per series)

Series code
(1 digit accommodates 10 series)

¥These codes are for internal use only,
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: 344444
: TABLE 4. IID]:D' 01234
3 CODED BY: TECHNICAL CODING FORM PAGE No

B DATE:

Property letter

Substance class number
Substance number
Mixture code letter

Dopant number ‘
Physical state letter

Subject letter

-t - v e

Temperature letter

Language letter

Document number

Year of publication
Abstract code letter

Operation column

: [ X120 [o[ Il I Ws[oixleN ofe[olo [o[ sfo7[sH T ]_v;0; Vanadium oxide
{ COOEOONOOT LT ot Py,
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The first three digits of the seven-digit substance code are used as a unit,

simultaneously designating both series and class. Thus the range of class numbers
within each of the 10 series is: 000 to 099, 100 to 199, 200 to 289, . . . up to 900 to 999,

Presently, seven series (0 to 6) areused, Series 7, 8, and 9 being saved for

future expansion,

E. ARRANGEMENT OF THE DIRECTORY OF SUBSTANCES

A summary of the series and classes comprising the Directory of Substances
is found in Table 5, page 9.

The Directory of Substances is arranged alphabetically by name (with the exception
of certain classes). However, for TEPIAC's internal use the Directory of Substances
is arranged by alphabetized formula wherever possible. When the formula or exact com-
position of the material is unknown, a descriptive name is used, The specific arrange-
ment of the entries is included later in this section with the series and class descriptions.

The lack of well-defined boundaries between certain classes or even series may
at times create a difference in outlook between TEPIAC's staff and other users of the
"Retrieval Guide". In such a case, it is recommended that the coder consult the pre-
sent entries of these classes for all possible alternative names before deciding whether
a new substance entry is necessary. The Dictionary of Synonyms and Trade Names (see
Appendix IV, page 141) should be consulted before determining the substance name for

a new entry,

1. Choice of a Class for General or Nonspecific Substances

Series 1 through 5 each has a class or portion of a class which accommodates
substances that cannot be identified by a specific substance name. Thus, Classes 100,
200, 300, and 400 are general classes within their respective series, Class 511 (513)
accommodates the general or partly identifiable mixtures within Series 5.

If a choice must be made between two such classes, the substance is entered into
the most specific class possible; for example, an alloy which is known to be ferrous,
but has no exact composition stated, would be eutered in Class 300 (Ferrous Alloys).

If it is impossible to decide between two general classes because it is not known
whether the substance does or does not fill a certain class qualification, TEPIAC presumes
it does not. The substance is then listed in one class only instead of both, For example:

If it is not known whether an alloy is ferrous, it will be entered in Class 400
(Non-Ferrous Alloys).

or

If it i8 not known whether a solution has water as a solvent or not, it {s presumed
it does not and it is coded as a nonaqueous mixture,
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SERIES 0
SERIES 1
Class 100

Class 101
to 127
Class 135

SERIES 2

Class 200
Class 201
to 234

SERIES 3
Class 300
Class 304

to 398

SERIES 4
Class 400

Class 402
to 482

SERIES 5
Class 503
Class 511
Class 513
Class 520
Class 521
Class 526
Class 535
Class 545
Class 551
Class 561

SERIES 6
Class 601
Class 606
Class 611
Class 621
Class 631
Class 651
Class 661
Class 671

TABLE 5. A SUMMARY OF THE SERIES AND CLASSES

GENERAL WORKS (Surveys, Handbooks, Apparatus, etc.)

CHEMICAL ELEMENTS AND COMPOUNDS WHICH DO NOT CONTAIN
CARBON AND ANY ISOTOPE OF HYDROGEN (H, D, T) SIMULTANEOUSLY
Nonspecific and general compounds and elements, crysta.ls, semi-
conductors, etc,
Elements and compounds (primarily inorganic)

Intermetallics

CHEMICAL COMPOUNDS WHICH SIMULTANEOUSLY CONTAIN CARBON
AND ANY ISOTOPE OF HYDROGEN (H, D, T)
Nonspecific and general compounds: hydrocarbons, ketones, etc.
Compounds (primarily organic)

FERROUS ALLOYS
Nonspecific, general, and unidentifiable alloys
Fe + Al +X to Fe +Zr +X: by predominant alloying constituent

NONFERROUS ALLOYS
Nonspecific, general, and unidentifiable alloys, metallic semicon-
ductors, superconductors
Ac +X to Zr + X: by predominant alloying constituent

COMBINATIONS OF CHEMICAL COMPOUNDS AND/OR ELEMENTS
Oxide mixtures: slags, scales, ceramics, glasses
Mixtures and solutions
Mixtures and solutions
Mixtures designated only by code or trade name
Minerals and celestial bodies
Aggregate mixes
Systems
Composites
Applied coatings
Cermets and mixtures of metals with oxides, carbides, borides,
silicides, or nitrides

NATURAL AND PROCESSED PRODUCTS
Pharmaceuticals, cosmetics, tolletries
Petroleum base fuels, lubricants, and hydraulic fluids
Animal and vegetable natural substances and iheir derivatives
Fabrics, yarns, hairs (woven or processed goods)
Rubber, latex, plastics {homogeneous), resins (synthetic), polymers
Bulk surface finishes, coatings, inks, adhesives
Processed composites, paper and wood products, and building structures
Residues
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2. Commercial Designations

A trade name is listed as a substance entry when the generic name of the substance
is unknown, Ifthe generic name is known, the substance is entered as a separate entry in the
appropriate class, under the generic name followed by the words '"commercial designation''.

All trade names will be recorded in the ""Synonyms Index, '' see Appendix IV,
page 141. '

For certain materials there will be individual substance entries to classify selected
brand names. These materials will be mentioned under their respective class descrip-

tions,

3. List of Descriptors in the Directory of Substances

adsorbed on (commercial designations) insulating
animal names, (company names) (Latin names)

i,e. (bovine, etc.) (country names, --Russian, etc.) methylated
bounded by crumpled natural
cast dyed nonstoichiometric
chlorinated (general) (numbered series)
clear glazed (plastic brand name)
colored human siliconized
(colors - red, white, etc.) hydroxylated vulcanized

The addition of new descriptors must be held to a minimum.

4, Description of the Individual Series and Classes

In this section the substance classification is further discussed, with emphasis
on special considerations concerning individual series and classes,

Series 0--General Works

As the title implies, Series 0 locates information that is relevant to substances
that cannot be described by one specific name because of the very general or the-
oretical nature of the research document, These works include theoretical papers,
reviews, and descriptions of apparatus and experimental methods.

Class 000 accommodates supplementary general information which can be
applied to subatances belonging to the other series. Reference works on theory,
experimental apparatus, etc., pertaining to specific types of substances are
coded under the particular substance numbers in their proper series and class,

The entries in this class do not represent substance names in the true sense
of this word, Hence, the "pseudosubstance’ numbers merely represent concepts
such as black body, semi-infinite medium, groove, surface, etc. Also included

are entries such as: Experimental technique, Handbook, Survey, Theory.

1
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Series 1-- Chemical Elements and Compounds Which Do Not Contain Carbon
and Any Isotope of Hydrogen (H,D, T) Simultaneously

Substances are classified in Series 1 if their chemical formulas do not contain
carbon (C) and either hydrogen (H), deuterium (D), or tritium (T) simultane-
ously; for example, AgBr, H,80,, CBrCl,, etc,

Chemical elements and compounds are indexed alphabetically by name. They
are listed by alphabetized formula for in-house use only. Molecular formulas |
are included on substance entries to aid in the identification of compounds., The

rules for the writing of molecular formulas and for general nomenclature are dis-
cussed in Part III, page 41,
Individual class descriptions for Series 1 are as follows:

Class 100 -- Nonspecific

Class 100 includes general material names with no specific formula

which chemically belong to any one of the classes in either Series 1 or 2,
Examples are Barium compound; Element, metallic; Liquid, thixotropic;
Crystal, ferromagnetic; etc, |

Class 101 -~ Elements and Their Isotopes
Table 6 contains a list of chemical element names and symbols,
1. Allotropy--Allotropy is disregarded except in the case of carbon.
Graphite and carbon receive separate entries; natural diamond is
coded as a gem in Class 521, and charcoal is in Class 671 a8 a
residue,

Separate substance entries will be made for the various commercial
and special types of graphite. The commercial graphites witl be
listed in categories arranged alphabetically. For example, Graphite
CEP will be listed under Graphite, C series; Graphite L-56 under
Graphite, L series; etc.

There will be separate substance numbers for the following

graphites:
Graphite, AG series Graphite, numbered series
Graphite, AT series Graphite, pyrolytic
Graphite, AX series Graphite, Ceylon

2, Impurities-- TEPIAC defines the "impurity' limits of an element
as follows: When each individual impurity is <0, 2 weight percent
and the total amount of impurities is <0, 5 weight percent, the sub-
stance is considered an element,

- i
‘WM -
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Ac
Al
*Ar

*AS
*At

Au

Ba

Bi
Bk
*Br
*C
Ca
Cd
Ce
Cf
*Cl1
Cm
Co
Cr
Cs
Cu
7::D

Er
Es

Eu
b3 F
Fe
Fm
Fr
Ga

Ge

TABLE 6, CHEMICAL ELEMENT NAMES AND SYMBOLS

Actinium
Silver
Aluminum
Americium
Argon

(also A)
Arsenic
Astatine

( Alabamine, Ab)
Gold
Boron
Barium
Beryllium

{Glucinium, Gl)
Bismuth
Berkelium
Bromine
Carbon
Calcium
Cadmium
Cerium
Californium
Chlorine
Curium
Cobalt
Chromium
Cesium
Copper
Deuterium

(heavy H, H?)
Dysprosium
Erbium
Einsteinium

(also E)
Europium
Fluorine
Iron
Fermium
Francium
Gallium
Gadolinium
Germanium
Hydrogen

*He
Hf

Hg

Ho
*

In
Ir
K

*Kr
Ku

La
Li
Lr

Lu
Md

Mg
Mn
Mo
*N
Na

Helium
Hafnium
(Celtium, Ct)
Mercury
(Hydrargyrum)
Holmium
Iodine
(Jodium, J)
Indium
Iridium
Potassium
(Kalium)
Krypton
Kurchatovium
(Rutherfordium, Rf)
Lanthanum
Lithium
Lawrencium
(also Lw)
Lutetium
(Cassiopeium)
Mendelevium
(also Mv)
Magnesium
Manganese
Molybdenum
Nitrogen
Sodium
(Natrium)
Niobium
{Columbium, Cb)
Neodymium
Neon
Nickel
Nobelium
Neptunium
Oxygen
Osmium
Phosphorus
Protactinium
Lead
( Plumbum)
Palladium

* The starred elements are considered as nonmetallic elements by TEPIAC, When
more than one name or symbol is indicated for an element, TEPIAC uses the name
and associated symbol listed first,

Pm

Po

Pr
Pt
Pu
Ra
Rb
Re
Rh
*Rn

Ru
*8
Sb

Sc
*Se
*Si

Sm

Sn
Sr
e T

Ta
Tb
Te
*Te
Th
Ti
Tl
Tm
U
A"
w

*Xe
Yb

Zn
Zr

12 ;

Promethium
(Illinjum, 11)
Polonium
Praseodymium
Platinum
Plutonium
Radium 1
Rubidium |
Rhenjum
Rhodium
Radon
( Actinon,
Niton)
Ruthenium
Sulfur
Antimony
(Stibjum)
Scandium
Selenium
Silicon
Samarium
(also Sa)
Tin
Strontium
Tritium
(heavy H, H%)
Tantalum
Terbium
Technetium
Tellurium
Thorium
Titanium
Thallium
Thulium
Uranium
Vanadium
Tungsten
(Wolfram)
Xenon
Yttrium
(also Yt)
Ytterbium
Zinc
Zirconium
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A metal having an individual impurity 20, 2 weight percent and
total impurities 20,5 weight percent, is considered an alloy. A

nonmetal having an individual impurity 20.2 weight percent and total

impurities 20, 5 weight percent is considered a mixture. See Chem-
ical Element Notations, page 12, for those elements considered
metallic by TEPIAC. (TEPIAC follows the International Line in
the Periodic Table separating Metallic and Nonmetallic elements. )
The impurity limits for a compound are: When each impurity
is <2, 0 weight percent, and the total amount of impurities 18 <5,0
weight percent, the substance is considered to be a pure compound.
A compound having impurities in excess of these limits is con-
sidered a mixture,
(Note: An intermetallic compound having a (i) metallic impurity
in excess of these limits is listed as an alloy in Series 3 and 4; (ii)
nonmetallic impurity above these limits is considered a mixture, )
Doping--TEPIAC defines ''doping' as impurity(ies) intentionally
added. The physical state code letter " D" indicates a doped sub-
stance (generally a solid)., However, if the substance is a liquid
(or gas) and is also doped, then 2 entries are made on the code
sheet to indicate a liquid (or gas) and a doped material.
The dopant will be identified by the periodic table groups (Table
3, page 5), and the dopant number entered in column 15 of the Tech-
nical Coding Form.
Dilute Alloys--If the weight percent composition for a so-called 'dilute
alloy' cannot be identified, TEPIAC presumes the quantity of impur-
ities added to the major metallic element is below the impurity limit
(No. 2 above); therefore, the alloy is listed in Class 101 as a doped
element (No. 3 above).
Natural Isotopes of Hydrogen and Helium--An isotope is listed under

the corresponding element as a single entry., Exceptions are the
isotopes of hydrogen (deuterium and tritium) and helium (helium

3 and helium 4) which are listed separately from their respective
element of natural isotopic abundance. A compound of isotopic ele-
ments is treated in the same manner. The forms of helium 4, He-I
and He-II, are not listed separately from the He4 entry.

The elemente D, and T, are listed as '"Deuterium" and " Tritium, "
TEPIAC names deuterium and tritium compounds as the correspond-
ing hydrogen compound with a descriptive term indicating the num-
ber of deuterium or tritium atoms. Examples are DH = hydrogen,
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monodeuterated (DH is listed as a compound); T,S = hydrogen
sulfide, ditritiated; etc,
6. Adsorbed Gases and Ligquids-- For the property specific heat, gases

or liquids adsorbed on substrates are entered in Series 1 or 2 as
"gas (or liquid), adsorbed on surface, " for example, Argon, ad-
sorbed on nickel.

Class 102 through 135 -- Compounds (Primarily Inorganic)
1. Class Format--The first letter of the alphabetized formula deter-

mines the class. Table 7, page 15, contains a summary of the

alphabetical letters assigned to classes 102 through 135, Listed
also are some sample entries.

In these classes, each substance entry contains an alphabetized
formula, molecular formula, and a chemical name for the compound.
An example is given below:

Alphabetized Formula Molecular Formula Substance Name

AgS,Sb AgShs, Antimony silver
sulfide

2. Nonstoichiometric Compounds-- The word "nonstoichiometr:ic' will

follow the compound name, The numerical subscripts in the formula
will be expressed in whole numbers and/or letters, See Part III-A,
page 41, for 2 complete description.

3. Metallic Compounds--A compound consisting of metallic elements

only is listed in Class 135 as an intermetallic. (See below,)

Class 135 -- Intermetallics

TEPIAC has defined an "intermetallic' as a simple stoichiometric

composition consisting of metallic elements only,*

Examples of intermetallics are MnPt;, Cd,SbZn;. For entries in this
class the names of the elements are listed alphabetically followed by the word
"intermetallic'. The elements in the intermetallic formula are also arranged
alphabetically. See Table 8, page 16, for some sample formats,

The formula for an intermetallic, the composition of which can be ex-
pressed as a range, is written as:

Mg, Pb,Sny-n

* If an author has not identified a metal-metal combination, the only way to verify that
it is an intermetallic would be to consult phase diagrams, Since this research task
could be very time-consuming, metal-metal mixtures are arbitrarily identified as
intermetallics if they are of stoichiometric composition.
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Class Alp;::ae::cal Sample Entries* | Class Alpl;:l:te:;cal Sample Entries*
100  Nonspecific 200 Nonspecific
101 Elements 201 CH compounds CH,
102 A AgCl, only
lo4 B BN 203 A C3HyAl [Al(CHg)sl
106 c CCaO; [CaCOyl | 2™ B CHBry
108 D D,0 206 C CHCl4
109 E Er,0; 208 D CHyD,
110 F F,Fe [FeF,] 209 E FP??(%E,}I‘{O,S%S‘S)J
111 G GaO,P [GaPO,] 210 F CH,F
12 H HINO, 212 G CyHyGe [Ge(CoHy) (]
14 ! INa [Nal] 213 H CypHy,Hg [(CgHs)oHgl
116 K KOS [K,S0,] 014 I CH,I
118 L LiO;Ta [LiTaOs1 | 54 K C,H;KO, [CH;COOK]
119 M MnO;Si [MnSiOs] | ,;0 L CeHysLaO Sy
120 N NNaO; [NaNO,] [La(CyHS0,);)
122 o) 0SiZr [Zr8i0,] | 218 M C,H,MnO, [(HCOQ),Mn)
123 P PbS 219 N CHN [HCN]
125 R RbS,Sb [RbSbS,] | 221 0 CH,0 [HCHO]
126 S S3Sby [SbyS,) 223 P CH,P
127 T TZn [ZnT] 226 S CH,S [CH,SH]
135 Intermetallics MnPt, 227 T CHT,
232 Y CysHi:Yb [Yb(CsHy)s)
234 CD,; CCL,DT [CDTCl]

“ Formulas are alphabetized, with molecular formulas in brackets

(wherever applicable).
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A metal combined with an intermetallic is listed as an alloy in Series
3 and 4. A nonmetal combined with an intermetallic is considered a mixture,

TABLE 8, A SAMPLE FORMAT FOR CLASS 135 - INTERMETALLICS

135-1230 Aluminum Molybdenum Intermetallic AlMoy
135-1232 Aluminum Molybdenum Intermetallic AL, Mo
135-4233 Aluminum Nickel Niobium Intermetallic Al Nb,_, Ni,
135-1234 Bismuth Lead Tin Intermetallic BigPb,Sn
135-1235 Lead Magnesium Tin Intermetallic MgsznSnl_n

* Series 2 ~- Chemical Compounds Which Simultaneously Contain Carbon and Any
Isotope of Hydrogen (H, D, T)

Substances are classified in Series 2 if their chemical formulas contain C
and H (or any of its isotopes) simultaneously; for example, CHCl;, C4H;0H, CD,,
etc. As with Series 1, Series 2 compounds are classified on the basis of alpha-
betized formula, for internal use only. For publication, the substances are
listed alphabetically by chemical name, followed by molecular formulas,

A description of the classes follows:

Class 200 -- Nonspecific

The entries in this class are of a general nature. The lead words for
these compounds are their functional names, such as acid, alcohol, amine,
ester, hydrocarbon, ketone, silicate, etc. The main subdivisions of qual-
ifying names which follow these lead words are:

1. aliphatic (alkane, alkene, or alkyne)
2. alkyaromatic

3. aromatic

R

Examples of the entries in Class 200 are:

Hydrocarbon, aliphatic, alkane, halogenated;
Ether, cyclic, fluorinated

[P V. SR SRy

- — ——-

* Electronic Properties are excluded for Series 2 at present.
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The terms ''saturated'' and '"unsaturated are preferred to '"hydrogenated’'
and dehydrogenated'. respectively. Paraffin hydrocarbons are listed as
"Hydrocarbon, aliphatic, alkane, '

Classes 201 through 232 -- Compounds (Primarily Organic)
1. Class Format

The alphabetical letter that represents each of these classes cor-
responds to the element symbol occurring after *CH" in the
alphabetized formula (see Table 7, page 15). The rules and
examples of writing formulas and nomenclature for Series 2 are
discussed in Part III, page 41.

Class 234--Class 234 contains hydrocarbon compounds which are completely
deuterated and/or tritiated. Examples are: CDTCl,, CDyF.

Series 3 and 4 -- The Alloy Series

These series contain mixtures of metal-metal or metal-nonmetal components
in which the metal is greater than 50 weight percent. (If the nonmetal portion
is greater than 50 weight percent, then the substance is listed in Class 511 (513)
as a mixture. An alloy having an equal amount of metal and nonmetal compon-
ents is entered as an alloy as well as a mixture.)

The alloys are classified according to weight percent composition. Every
class in these series represents a major alloying element,

Series 3 -- Ferrous Alloys

A ferrous alloy is one in which iron, Fe, is the principal constituent (Fe 2
any other single element), One class is assigned to each primary element alloy-
ing with Fe, The arrangement order within classes is covered in the discussion
of classification criteria, The specific classes in Series 3 are described below.

Class 300 -- Nonspecific

The ferrous alloys listed here are either general or ones for which TEPIAC

cannot identify the composition; for example, Iron alloy; Steel, stainless;
Russian steel 20.

Classes 304 through 398 -- Specific Classes
These classes are assigned alphabetically according to the predominant
constituent element other than Fe, See Table 9, page 18, for a summary

of the classes,




TABLE 9, SUMMARY OF THE CLASSES IN SERIES 3 AND 4

Class Description Class Description Class Description
300 Nonspecific 400 Nonspecific 442 Nb +X"*
304 Fe + Al +Q* 401 Ac + X 443 Nd +X
306 Fe + As +Q 402 Ag+X 444 Ni+X
307 Fe +Au +Q 403 Al+X 445 No +X
308 Fe +B +Q 405 Au+X 446 Np +X
310 Fe +Be +Q 407 Be + X 447 Os+X
313 Fe +C +Q 408 Bi+X 448 Pa+X
317 Fe +Ce +Q 409 Ba +X 449 Ph+X
I 320 Fe +Co +Q 410 Ca+X 450 Pd +X
i 322 Fe+Cr +Q 411 Cd+X 451 Pm +X
328 Fe +Cu +Q 412 Ce+X 452 Po +X
333 Fe +Ga +Q 413 Cf+X 453 Pr+X
334 Fe+Gd +Q 414 Cm+X 454 Pt+X
335 Fe +Ge +Q 415 Co+X 455 Pu+X
336 Fe + Hf +Q 416 Cr+X 456 Ra+X
339 Fe +In+Q 417 Cs +X 457 Rb+X
340 Fe +Ir +Q 418 Cu+X 458 Re +X
342 Fe+La+Q 419 Dy+X 459 Rh+X
343 Fe + Lu +Q 420 Er+X 460 Ru +X
344 Fe + Mg +Q 421 Es +X 461 Sm + X
345 Fe +Mn +Q 422 Eu+X 462 Sb+X
348 Fe +Mo +Q 423 Fm+X 463 Se+X
350 Fe +N +Q 424 Fr+X 466 Sn +X
352 Fe +Nb +Q 425 Ga +X 467 Sr+X
353 Fe +Nd +Q 426 Gd+X 468 Ta+X
355 Fe +Ni +Q 427 Ge +X 469 Th +X
359 Fe+0 +Q 428 Hf + X 470 Tec+X
360 Fe+0s+Q 429 Hg+X 472 Th+X
. 361 Fe+P +Q 430 Ho +X 4173 Ti+X
: 362 Fe +Pb +Q 431 In +X 474 Tl +X
:' 363 Fe +Pd +Q 432 Ir+X 475 Tm +X
i 365 Fe+Pt +Q 433 K+X 476 U +X
5 368 Fe +Re +Q 434 La+X 477 V+X
369 Fe +Rh +Q 435 Li+X 478 W+X
. 370 Fe +Ru +Q 436 Lu+X 479 Y+X
372 Fe +5b +Q 437 Md+X 480 Yb+X
1 374 Fe+S8i+Q 438 Mg+X 481 Zn+X
378 Fe +5n +Q 439 Mn + X 482 Zr +X
381 Fe+Tb +Q 440 Mo +X
. 384 Fe+Ti+Q 441 Na +X
'4 390 Fe +V +Q
] 392 Fe +W +Q
394 Fe+Y +Q
‘ 397 Fe +Z2n +Q
‘ 398 Fe+Zr +Q

"% Q represents the next 2 major constituents in descending weight order
plus carbon,
** X represents the next 4 major constituents in descending weight order,
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Series 4 -- Nonferrous Alloys

A nonferrous alloy is one in which a metallic element other than iron is the

principal constituent,
Descriptions of individual classes in Series 4 follow:

Class 400 -- Nonspecific

General alloys and alloys known by name only, which TEPIAC cannot
identify as ferrous or nonferrous are listed here, Examples are: Alloy,
Semiconductor, APM-M257, etc.

Class 401 through 482 -- Specific Classes
These classes are assigned alphabetically according to the predominant
element. See Table 9, page 18, for a summary of the classes.

Classification Criteria for Series 3 and 4

1. Impurity criteria--A metal containing 20. 5 percent total impurities
or 20,2 percent individual impurity, is considered an alloy,
When each impurity is <0. 2 weight percent and the total impur-
ities are <0, 5 weight percent, the substance is classified as an

element,

Fe + C +B+Si+Ti]
For example [99.64 0.14 0.14 0.1% 0,14 is entered in Class 101
as IRON,

When each impurity is <0. 2 weight percent and the total impur-
ities are 20, 5 weight percent, the substance is classified as an

alloy of the base metal.

F le[ Fe+B+P+Si+Ti+W+V']
or example | g9 44 0,14 0,1% 0.1% 0.1% 0.1% 0. 1%
(20. 5 weight percent)

) entered in Class 300 as [RON ALLOY, 99.4 PERCENT.
2. Significant Figures
Weight percents will be rounded off to the nearest whole num-
ber, or if less than .95, to the nearest tenth, i.e,, 29,65 is listed
as 30, 0.56 is listed as 0.6, etc,
3. Substance Entries
A maximum of 5 components will be listed for each alloy, The
entries will be arranged by composition in decreasing weight percent.
Brand name alloys and experimental alloys will have separate
entries, Brand names are written to the right of the composition.
In Tables 10 and 11,pages 20 and 21, are shown soms sample formats for
alloys in Series 3 and 4.




TABLE 10. A SAMPLE FORMAT FOR FERROUS ALLOYS

Series 3 - Ferrous Alloys, Class 322 (Fe + Cr + X)

commercial Alloys

322-0164 55 Fe + 24 Cr + 15 Ni + 2 Mn + .2 C
322-0123 51 Fe + 25 Cr + 21 N1 + 2 Mn + .3 C
322-0225 67 Fe + 26 Cr + 5 Ni + 2 Mo + .2 C

, Experimental Alloys

322-0953 0- 76 Fe + 0- 74 Cr + 24- 26 Be
322-7327 0-100 Fe + 0-100 cCr
322-0722 10- 90 Fe + 4- 85 cr + 5 Al
322-7632 20- 80 Fe + 10- 40 Cr + 10- 40 Ni
322-7326 98 Fe + Cr + .6 Si + .2 Mn + .1 ¢C
322-0979 95 Fe + 1 Cr + 1 Si + 1 Mn + .4 C
: 322-0289 82 Fe + 14 Cr + 2 Si + 1 Mn + .4 C
' 322-4236 60 Fe + 25 Cr + 13 AL + 2 Si + .4 Mn
322-1240 62 Fe + 25 Cr + 13 Ni + .2 Si
y 322-1241 52 Fe + 25 Cr + 20 Ni + 2 Si + .7 Mn
; 322-1101 74 Fe + 25 Cr + .6 Si + .3 Mn
322-1238 71 Fe + 28 Cr + .5 Mn + .4 Si + .2 C
322-1239 71 Fe + 28 Cr + .5 Mn + .4 Si + .2 Ni
322-2237 70 Fe + 29 Cr + .6 Mn + .4 Si
322-1235 70 Fe + 30 Cr
322-1234 60 Fe + 40 Cr

20

*AISI-309
*AISI-310
*AISI-329
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TABLE 11. A SAMPLE FORMAT FOR NONFERROUS ALLOYS
Series 4 - Nonferrous Alloys, Class 444 (Ni + X)
commercial Alloys
444-0089 95 N1 + 2 Al + 2 Mn + 1 Si *Alumel
444-0101 54 Ni + 20 Cr + 18 Co+ 5 PFe + 2 Ti *Nimonic 90

Experimental Alloys

444-0697 0-100 Ni + 0-100 Al
444-0996 0- 95 Ni + 5-100 Al
444-0994 44~ 75 Ni + 20~ 52 Cu + 5 Al
444-1234 69 Ni + 31 al
T444-1235 30 Ni + 20 Co + 20 Cr + 20 Fe 3 Mo
444-1236 71 Ni + 10 Cr + 6 Al + 6 W Mo
444-1239 I3 NiL + 10Cr + 6W + 4 Al + 3 Mo
444-1237 73 Ni + 19 Cr + 7 Mo + .3 Si
t444-1235 30 Ni + 20 Cr + 20 Co + 20 Fe + 3 Mo
444-1238 65 Ni + 30 Cr + 7 Ti + 2 Al Mn
t444-1235 30 Ni + 20 Fe + 20 Co + 20 Cr + 3 Mo
+

The alloy 30 Ni + 20 Co + 20 Cr + 20 Fe + 3 Mo has multiple
entries (with the same sukstance number), since the three
major elements alloying with nickel are of equal weight
percent.
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4, Composition of the Alloys

a, Commercial Alloys -~ A reference handbook composition is used
whenever an alloy has been referred to by its trade name or sym-
bol, Handbook nominal compositions are noted by an asterisk
preceding the alloy's name,

When the composition of an alloy is given as a range, the
average of the upper and lower limits will be used. The average
will be rounded off to the nearest whole number, or if less than
.95, to the nearest tenth. If the composition is listed as a min-
imum (or a maximum) then the minimum (or maximum) value
will be used,

In calculating the balance, all separate weight percents should
not be rounded off prior to the calculation,

; A list of alloy handbooks is included in the bibliography ( Ap-
pendix ITI, page 140). The primary reference sources are the
Engineering Alloys and Metals Handbook, AISI is always the
preferred specification. SAE, ASTM, UNS, and other designations
are given as cross-references to AISI in the Synonyms Index,

b. Experimental Alloys - If the composition is given as a range,
the upper and lower limits of the range will be listed in the sub-
stance entry. There may be entries in more than one class be-
cause of the range. For example, 0 to 100 percent Cr alloyed
with Fe would be listed in

(i) Class 322 as a ferrous chromium alloy

(ii) Class 416 as a chromium alloy
(iii) Class 101 with Chromium and Iron as pure elements,
Atom or mole percent is converted to weight percent and listed
in the appropriate class.

5. Alloys Having Major Constituents With Equal Compositions

a. Commercial Alloys - In a commercial alloy composition, if the
5th and 6th components are of equal weight percent, the first
element based on alphabetical order of symbol will be retained.

b. Experimental Alloys - For an experimental alloy, if the 5th and
3 6th components are of equal weight, 2 entries are made to in-
} clude the 5th or 6th component, respectively. For example,
for an alloy with 73Ni + 10Cr + 6W +4Al + 3Mo +3Ti, there will
be 2 entries, with different substance numbers, as follows:
(i) 73Ni +10Cr + 6W +4Al +3Mo
(ii) 73Ni +10Cr + 6W +4Al +3Ti.
An alloy with the composition 30Ni +20Co +20Cr +20Fe + 3Mo
will have entries as follows:
(i) 30Ni +20Co +20Cr +20Fe +3Mo
(if) 30Ni +20Cr +20Co +20Fe + 3Mo
'? (1if) 30Ni + 20Fe +20Co +20Cr +3Mo,
All three entries will have same substance number, Two of
the entries will be cross-referenced to the one assigned the

‘ primary substance number,

i

6. Alloys of Indefinite Composition
An alloy of indefinite or unknown composition is named as

precisely as the information of the paper allows, Only one substance
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entry is made for each general alloy, even though some of these
alloys could actually belong ta more than one clasa.. Therefore,
the following class preferences are given to general alloys:

a. A general alloy, known to be ferrous, such as stainless steel,
austenitic steel, is entered {n the ferrous alloy Class 300,

b. An alloy of totally unknown composition, or one which cannot
be identified as a ferrous alloy, is located in Class 400 and
given a general name, such as: Alloy, Semiconductor, etc.

c, Classes in Series 4, other than Class 400, accommodate general
entries for which the major alloying element is known. For ex-
ample Aluminum alloy, Titanium alloy, etc.

Commercial Alloys

a, Commercial alloys with identical compositions but different
names or numbers are eptered under the previously listed alloy
and appropriate entries are made in the Synonyms Index,

b. If a paper deals with a commercial alloy to which the experimenter
has added various elements, this is considered to be an exper-
imental alloy (since it no longer has the same composition as
the starting material),

Foreign Alloys

Foreign alloy names are preceded by the country of origin; for
example, French T-A4D3V, Russian 1Kh18N9T, Foreign and
American commercial alloys should be merged only when they have
identical compositions. Entries will be made for the American
alloy while the foreign alloy will be listed in the Synonyms Index.

Dilute Alloys
If a "dilute alloy' of known composition fulfills the impurity

criteria of No. 1 above, it is entered in Series 3 or 4 as an alloy.
If the weight percent composition for a '"dilute alloy' cannot be
identified, TEPIAC presumes the quantity of impurities added to
the major metallic element is below the impurity limit; therefore,
the alloy is listed in Class 101 as a doped element,

Doping Elements and Nonspecific Alloying Constituents

Alloys intentionally doped with impurities are so indicated only
in the physical state, code letter "D", See No. 3, page 13, for
further explanation,

When the amount of one or more alloying elements is not specified,
the word contraction "Unsp ', denoting unspecified, 1s used. The
term "Sat'd" (contraction for saturated) is also used as an indica-

tion of undefined composition,
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11, Nonmetallic Elements in Alloys
In some cases, important constituents in an alloy may be non-~

metallic elements. For example, ferrous alloys accept carbon as
an element, For Ferrous Alloys only, if the amount of Carbon is
less than 0.2 weight percent, it is rounded off and reported to the
nearest tenth (that is 0. 05 is listed as 0, 1, etc.)

12. Intermetallic compounds with metal impurity(ies) added are listed
as alloys, The substance entries follow the format of the alloys,

Series 5 -- Combinations of Chemical Compounds and/or Elements

Series 5 includes combinations of substances that are mixtures, aggregates,
systems®, or composites.

Classes 511 (513) contain nonaqueous and aqueous mixtures., The other
classes in Series 5 accommodate mixtures of special groups such as oxides,
minerals, aggregate mixes, systems, surface coatings, and cermets. These
classes will be identified later in this text.

The interrelation between certain classes in Series 5 and Series 6 should
be mentioned. Because of the broad scope of content in the Systems Class 535
and @omposites Class 545, a more narrowly defined class is provided for certain
groups of substances used primarily as common construction materials, Class
661 (Processed Composites, Paper and Wood Products, and Building Structures)
serves this purpose.

The coder should be aware of the possibility of entering a substance in the
more specialized Class 661, even though it would also fulfill the criteria for the
composite class or other materials classes. Three examples follow:

1. Wood, a natural substance, is listed in Class 611; however, plywood,
a processed composite of wood, is listed in Class 661,

2, Class 503 contains bricks, but bricks in a special form, wall structures,
.are located in Class 661,

3. Nylon fabric is entered in Class 621; but a multilayer of nylon and poly-
amids will be listed in the Systems Class 535. And a resin reinforced
with nylon fabric is entered in the Composites Class 545.

The " impurity' limits for an element or a nonmetallic compound have been
stated in the Class 101 discussion and are reiterated here. A mixture i8 consti-
tuted when the amount of impurities in an element is 20.5 weight percent total
or 20,2 weight percent individual impurity. The corresponding limits for a

- em— i ki A .
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* For definition of 'system' see page 27.
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nonmetallic compound are 25,0 weight percent and 22, 0 weight percent, respec-
tively. These criteria apply to all the classes in Series 5.

Class 503 -- The Oxide Mixtures (Ceramics, Glasses, and Slags)

Substance Entries - In this class are accommodated slags and scales,

ceramics, glasses, etc, composed of oxide mixtures, See Table 12 below,

1. Commercial oxide mixtures--Entries will be made using commercial
names, When known, cross-references to experimental oxide mIXtires
will be made.

2. Experimental oxide mixtures--Entries will indicate the molecular
formula for four major oxides in descending weight percent order
with the word '""other' following if one or more additional oxides
are present which are above the impurity limits, The type of mix-
ture will be noted by descripiors following the composition; for
example, Ceramic, glass, glaze, porcelain, refractory, scale, brick
slag, or oxide mixture., Names such as ''Borosilicate glass' will

also be used when they are necessary,

The same chemical composition may exist with more than one
descriptor. Each entry will carry a separate substance number,
for instance:

a. 503-0010 SiO, + ALO; +Na,O Glass
b, 503-0011 SiO, + Al,O03 + Na,O Slag

When the oxide mixture has 2 (or more) components of equal
weight percent, there will be 2 (or more) entries, For example,
a glass with SiO, + Al,O + NayO + CaO + Other, where Al,Oy, Na,O,
and CaO are equal in weight, there will be entries as follows:

Y e S )" SR )

TABLE 12, A SAMPLE FORMAT FOR CLASS 503 - OXIDE MIXTURES
(CERAMICS, GLASSES,AND SLAGS)

Brand Names:

503-1234 Corning Glass 9700

503-2147 Enamel 853 ( Pfaudler)

503-1321 Russian Glass LF (numbered series)
503-2148 Schott Glass F

- e— a4

503-1324  SiO, + ALO; + MgO +CaO + TiOy; Ceramic glass
503-2111  SiO, + ALOy + MgO + Ti0, Ceramic
503-0301 SiO, + PbO + MgO + BaO Glass
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a, 503-0120 Si0, + AL,O; +Na,O +Ca0O +Other Glass
b, 503-0260 SiO, + Na,O +Al,0;+Ca0 +Other Glass
c. 503-0760 Si0, + CaO +Al03+NayO +Other Glass

Class 511 (513)* -~ Mixtures and Solutions ( Nonaqueous and Aqueous)
Substance Entries - All entries will be arranged alphabetically. The

substance name will be followed by the molecular formula in parentheses.

A maximum of the four largest components will be listed. Only one entry
will be assigned a substance number, The remaining entries will have cross-
references to the one with the substance number.

Aqueous Mixtures - Aqueous mixtures are identified only on the coding

form by a mixture code "W*" (to indicate Water) in column 13,
Examples of entries in this class are:
Air
Combustion products of fuel

Helium (He) + Nitrogen (N,)
Chloroform (CHCl;) + Methane (CHy)

1. Combustion of rocket fuels with a number of reactants is listed as

"Combustion products of rocket fuel, "
2. Plasmas (and Arcs) which consist of mixtures of ionized gas par-

ticles, usually at high temperatures, are listed in this class.

3. Flames are products of combustion normally containing high per-
centages of water vapor. Therefore, they are coded as aqueous
mixtures with the mixture code "W?",

4, Atmospheres of planets are listed in Class 521 (Minerals and
Celestial Bodies).

5. Air, Cloud, Dust, Rocket Exhaust, Sea Water, etc. are mixtures
by their very nature, and hence listed in this class.

6. Mixtures containing one or more polymers is excluded from coding.

Class 520 -- Mixtures Designated Only by Code or Trade Name
The substances in this class are ones which TEPIAC has not been able
to classify. They are listed by their code or trade names. When a substance

is identified, it is transferred to its appropriate class with an entry in the
Synonyms Index.

*Class 513, an overflow class assigned to Class 511, will be used only when a mixture
has not been identified in Class 511,
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Examples of entries in this class are: Dowtherm, Orophen AK 50,
Polyran M15 N,

Class 521 -- Minerals and Celestial Bodies

Ores, minerals, planets, and soils are listed in this class; synthetic
or refined minerals are classified in Series 1 as compounds, Examples of

this class are: Garnet; Mars surface; Earth mantle, Coal.

Class 526 -- Aggregate Mixes

An aggregate consists of hard, inert fragments of material mixed with
a cementing substance, Examples are: Concrete (cement-gravel); Cement;
Plaster; Mortar.

Class 535 -- Systems
A "system" is a combination of materials with clearly defined boundaries

existing between them, or a distinct configuration of more than one homogen-
eous material,

Substance Entries - The components in a system are arranged alpha-
betically. A system of a general nature may be identified by a lead word,

as for instance: Filter, interference; Fuel, nuclear.
A few lead words will be retained to group similar structures or materials.
The components following the lead words will be alphabetized. The lead words

are:
Adduct Fluidized bed Packed bed
Cable Honeycomb Propellant
Coil Multilayer Solar cell

Examples of entries in this class are: Air gap; Fluidized bed, glass
beads; Alclad 2024; Copper-Magnesium oxide, etc. )

Two thermal properties pertaining to the Systems class are Accommo-
dation Coefficient (Property B) and Thermal Contact Resistance (Property
C).

a. Entries for Accommodation Coefficient are listed as '"Gas on
solid". Fc. example, Helium on tungsten.

b. The Thermal Contact Resistance between two materials, listed
alphabetically, will be identified only by the property letter "C",
If the contact is between two identical materials, for example,
two copper surfaces, the entry will be ""Copper-Copper'',

Certain substances (foils, greases, fluids, etc.) are used

to fill the gaps between contact surfaces. Separate entries are
made for such contact surfaces, followed by the words '"with
filler". Example: Aluminum-Copper, with filler.
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The following comments apply to this class:

1. Multilayers--All parallel multilayer systems are entered with the
lead word '"multilayer', with the various components arranged al-
phabetically. The descriptors for multilayer systems like fibrous,
foamed, fabric, etc. are omitted, (Foamed and fibrous systems
are indicated in the physical state by the letters E and F, respec-
tively.) The term '"sanawich' is synonymous to "multilayer",

2, Air--Air is considered as a systems component when the property
measurement is directly concerned with tue air itself, as with prop-
erty B (Accommodation Coefficient), Example: Air on mercury.

3. A system may contain certain components which are composites;
for example, a filled honeycomb or a multilayer of reinforced resin.
Such materials are included in this class (not in the Composites

class 545) since the entire structure is a system,

Class 545 -- Composites

A '"composite' is considered to be a combination of materials differing
in composition or form on a macroscale. The constituents retain their iden-
tities in the composite; that is, they do not dissolve or otherwise merge com-
pletely into each other although they act in concert., Normally, the components
can be physically identified and exhibit an interface between one another.

Certain composites are accommodated in individual classes: Minerals
(Class 521); Aggregate Mixes (Class 526); Cermets (Class 561); Processed
Composites and Building Structures (Class 661),

Substance Entries - Fntries will list the reinfo:~ement followed by the

matrix, the two being separated by a slash. If there are two or more com-
ponents in the reinforcement, they will be alphabetized and separated by plus
signs (+). A reinforcement material material may have a coating or cover-
ing. This is regarded as a second component; hence, the entry will indicate
two components as the reinforcement,

Examples of entries are: Graphite/Epoxy resin.
Carben + Graphite /Epoxy resin,

The following comments are relevant to the Composites class:
1. Reinforced materials--All reinforced materials are indexed in this

class.
2, Filled Polymers--Polymers which have a nonorganic filler (e,g.,

mica, aluminum oxide) belong to this class,

. . —— o e e —
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A 3. Matrices--A solid filled matrix forms a composite, Such matrices
are the filled graphites, glasses, etc.
4, Shape or Form--The various forms of reinforcement, such as fibers,

filaments, fabric, etc., are disregarded.

Class 551 -- Applied Coatings

The coatings here are applied on a substrate, and hence differ from the
bulk paints, coatings, etc. of Class 651. Radiative properties for the coat-
ings are entered in this class,

Substance Entries - The entry is described by the top coating. However,
for multilayer coatings, such as those used for filters, all the components

are alphabetically listed, Substrates are ignored in the entries,
Examples of entries in Class 551 are:

Aluminum

Aluminum-magnesium fluoride
Germanium-zinc sulfide, multilayer
Paint (TiO, + silicone)

Paint, black Japalac 1208 (Glidden)

1. Paints and Ceramics

a. ""Paint' includes all paints, enamel paints and lacquers. Paint
compositions are listed with the pigment (usually a metallic ox-
ide) preceding the vehicle or binder, the constituents of which
are arranged alphabetically., Paint textures like flat, gloss,
satiny, sheen, etc. are ignored.

Example: Paint (TiO, + acrylic resin + silicone)

b, "Ceramic' includes all ceramic coatings, glazes, and enamels.
Ceramic compositions are listed alphabetically by the four major
constituents,

Example: Ceramic (AlyOy + BaO +CryO4 +810y)

2. Resins

a, Resin is used as a lead word for all polymer coating entries except
gilicones.

. b, '"Silicone' includes all substituted silicone resins, such as methyl
1 gilicone, etc,

! Examples: Resin, polyamide
Paint (Al + silicone)

3. Special Chemical Surface Treatments and Commercial Finishes

a, Chemical surface treatments are used as lead words.
Examples: Anodized aluminum, Oxidized lead, Siliconized
{ graphite, etc.

b. Commercial Finishes are listed by their trade names,
Examples: Armco Process, HAE Finish, Dow Finish, etc,
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4, Oxidized Metal vs Metal Oxide

a. An "oxidized metal' refers to a metal with an oxide surface
coating that has been produced by a chemical reaction oxidation
process. '

Oxidized alloys are described by trade name or number, If
the trade name is unknown, the major element alloying with the
base metal is noted in the entry,

Examples: Oxidized aluminum

Oxidized Zircaloy 2
Oxidized Copper alloy (Ni)

b. A '"metal oxide' refers to a metal with a metal oxide coating
applied as a surface finish, i,e., the oxide coating has not been
produced by any chemical reaction with the base metal.

Example: Aluminum oxide

5. Trade Names

a, The trade name of a coating is not used in a substance entry if
its composition is known,. It is listed, however, in the Synonyms
Index.

b. A coating identified only by a code symbol should have its manu-
facturer, when available, listed with it.

¢. The trade name of an alloy coating is used in a substance entry.

£xamples: Coating RTV 60 (General Electric)
Inconel X

6. Color -- Color, when it is indicated in the paper, is included with
the substance entries. If the pigment in a paint is known, the color
is disregarded. Colors are limited to black, blue, brown, green,
grey, orange, purple, red, white, yellow.

Class 561 -- Cermets and Mixtures of Metals With Oxides, Carbides,

Borides, Silicides, and Nitrides
Cermets are a group of composite materials consisting of an intimate
mixture of ceramic and metallic components. Ceramic components may be
oxides, carbides, borides, silicides, nitrides, or mixtures of these com-
pounds; the metallic components, which are the bonding agents, are pure
metals, alloys, or intermetallic compounds, Cermets are also known as

ceramelr.
Alsc included in this class are mixtures which are not chemically bonded,

Substance Entries ~ The entries are arranged alphabetically, with the
ceramic preceding the metallic components, Cermets are so indicated on

the substance entry.
Entries in this class are subject to the impurity criteria stated {n Series

1 (page 11). An entry is made here when:
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In a mixture of a metal and an oxide (or a carbide, boride, silicide,
or nitride),

a. The oxide is between 0, 2-98 weight percent (or the metal com-
ponent is between 2-99. 8 weight percent).

b. An oxide >98 weight percent is listed in Series 1 as a pure oxide,

¢. A metal >99. 8 weight percent is listed in Class 101 as a pure
element,

Examples are: Silicon oxide - Aluminum cermet
Uranium oxide - Stainless 316 cermet

Series 6 -- Natural and Processed Products

The class titles themselves are quite self-explanatory as to the general
content of each class. The substance names are alphabetized within each class,

Class 601 -- Pharmaceuticals, Cosmetics, Toiletries

The substances in this class are determined mainly by their use,

Examples are: Penicillin; Perfume; Tincture, benzoin.

Class 606 -- Petroleum Base Fuels, Lubricants and Hydraulic Fluids

Class 606 includes only petroleum base fluids, greases, fuels, etc,
Lead words for entries are primarily indicative of use; for example, Bear-
ing oil, Cylinder oil, Grease, Motor oil, etc., or are general names indi-
cative of source; for example, Coal oil, Mineral oil, Shale oil, etc. A trade
name or code symbol is used only if no other designation is available; for
example, Dynamo oil, Texaco oil, JP-4 fuel, etc. Since oils are generally
not pure, the presence of additives is ignored in the wubstance entries,

Class 611 -- Animal and Vegetable Natural Substances aad Their Derivatives
General lead words are used in this class with a specific common or H

generic term or trade name as a descriptor. All parts of a plant (or tree)
are listed under its specific name, with the exception of the juice and wood
which are used as lead words., Only the Latin genus name is listed as a
descriptor. The entries in this class also include processed substances

(frozen, cooked, crushed, freeze-dried, etc.).
Examples of Class 611 are: Apple (Malus sp, ); Blubber, seal; Fish,
salmon; Juice, orange; Wood, aspen {Populus sp. ).

Class 621 -- Fabrics, Yarns, Hairs (Woven or Processed Goods)
Examples of the processed goods are: Calico, Cotton fabric, Flannel,
Glass fabric, Haircloth, Wool yarn, Nylon fabric, etc.
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Fibers (single or bulk) are listed in the class of materials of which they
are composed, For example, fiberglass is listed in Class 503; aluminum
oxide fiber is listed in Class 102; nylon fiber is in Class 631, etc.

Class 631 -- Rubber, Latex, Plastics (Homogeneous), Resins (Synthetic),
Polymers

Substance Entries - Polymer components are listed by name only. The

polymers are identified as:

a. Poly - Polymers produced by the condensation reaction of two
or more molecular units,

b. Copoly - Polymers produced by the addition reaction of two dif-
ferent molecular units.

¢. Terpoly - Polymer produced by the addition reaction of three
different molecular units.

(Polymer nomenclature is discussed in Part II, page 45)

Examples of Entries are: Polyethylene
Copoly (acrylonitrile-butadiene)
Terpoly (acrylonitrile-butadiene-styrene)

The following comments apply to this class:
1. Polymers with nonorganic "fillers', such as mica, or aluminum
oxide powder, are entered in the Composite Class 545.

Polymers with fillers of an organic nature, such as Dioctyl adipate,
or wood shavings, or various plasticizers are retained in this class.
However, these additives are ignored in the substance entry.
Natural and synthetic latexes and rubbers are included in this class,
3. Natural carbohydrates such as cellulose and starch belong to Class

611 (Natural products).
4. Oligomers with a defined degree of polymerization are listed in Ser-
ies 1 and 2, For example, (BeCl,), Beryllium chloride, dimeric
is in Class 104,
5. Some polymers in this class do not carry the lead word designations
"Poly-", "Copoly-", or "Terpoly-'. Examples are; Cellulose
acetate; Latex, chloroprene; Resin, epoxy; Rubber; Silicone; etc.
Polymers are entered under their generic names. A commercial
polymer is listed under its generic name followed by the words
"Commercial designation ", However, the following commercial
polymers will receive separate substance entries, that is, generic
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name followed by brand name:
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Lucite Silicone RTV
Mylar Teflon
Plexiglas Teflon FEP

7. For a nonspecific polymer without a trade name, the name of the
manufacturer, if indicated in the paper, is used to identify the com-
pound further, For example, Polyethylene glycol compound 20M
(Union Carbide),.

Class 651 -~ Bulk Surface Finishes, Coatings, Inks, Adhesives

The substances in this class are not to be confused with the surface
coatings in Class 551. The coatings of this class are in their natural form
and are not applied to a base,

Chemical constituents are listed alphabetically by name after the lead
word; for example, Lacquer (maleic anhydride-olive oil), A trade name
is listed only when chemical composition is not fully known. The trade name
should, however, be entered in the Synonyms Index. Color is specified only

when the radiative properties are coded,
Examples of lead words and descriptors are: Glue, fish; Ink, printing;
Paint, acrylic; Pigment, yellow ochre.

Class 661 -- Processed Composites, Paper and Wood Products, and
Building Structures

The physical shape and use of these substances govern the choice of this
class. The common construction materials in Class 661 are actually sys-
tems and composites, having a specialized use. (See the introduction to
Series 5, page 24, for a discussion of the relation of this class to classes
535 and 545. )

Examples of the substance types in Class 661 are Cardboard; Glass fiber
blanket; Linoleum; Mineral wool felt; Plywood; Wall, adobe; Air space bounded
by glass; Tile (acoustical); Insulation

Class 671 -- Residues
Examples are Petroleum residue; Charcoal; Bone char; Asphalt; Waste,
radioactive; Soot; Tar.
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PART II
THE PREPARATION OF SUBSTANCE ENTRIES

Substance entries need particular attention before they are added to the TEPIAC
Materials Directory. The procedures for preparing correct entries are described
below.

Every substance is assigned a class and a unique substance number, which is
recorded in the Technical Coding Form (page 7). Before making any entries, the
coder should check in the existing Materials Directory whether the substance already

has a number. If the substance has been assigned a number, the coder merely records
it in the Technical Coding Form. If the substance does not have a number, then the
procedure described below should be followed.

A. PREPARATION OF NEW SUBSTANCE ENTRIES

Each coder is allotted a set of 10,000 Temporary Substance Numbers, for ex-
ample, 900-0000 to 900-9999, where the first three digits indicate the class assigned
to the coder. When a substance number cannot be located in the existing Materials
Directory, the coder assigns the lowest temporary number in his (her) set to that
substance, Tiis temporary substance number is then recorded in the Technical Coding
Form and a Ter.porary Substance Number Form (see below). Each new substance is
assigned one temporary number in increasing order until all the numbers are used up.

The coder will then be alloted a new set of temporary numbers.

Series 9 has been reserved for temporary substance numbers. Classes 900,
911, 922, 933, and 944 will be used by the coders of Thermophysical Properties, and
classes 955, 966, 977, 988 and 999 by the Electronic Properties Coders.

B. THE TEMPORARY SUBSTANCE NUMBER FORM

Temporary Sub- Actual Substance Substance Name, With Svnon: Document

stance Number Number#* and Without Formula ynonym Number
900-0000 102-0002 Aluminum Oxide Al,Oy Alumina T 12345
999-0000 101-0020 Aluminum E 67890

* Actual Substance Numbers will be assigned by the Editor.
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The coder should enter the Temporary Substance Number, Substance Name,
any Synonyms for the substance, and the Document Number in the Temporary Substance
Number Form. Every two weeks this form is handed to the Editor of the coding section.

The Editor checks the correctness of the substance name (i.e., whether the
name is consistent with the TEPIAC naming procedures) and if the substance has a num-
ber. If the substance does not have a number, then the Editor assigns an actual, unique
number to that substance (the lowest unused number of the class assigned to the sub-
stance), and records this substance number in the Temporary Substance Number Form.

C. THE SUBSTANCE CODING FORM

After the substance has been assigned a number, the Editor enters the informa-
tion (the substance number, the correct name, and any synonyms) in a Substance Coding

Form (see Table 13, page 36). This Substance Coding Form contains columns similar
to an IBM computer card. The Editor completes this Substance Coding Form, taking

into account the formats for the substance entries ( below ) and the rules for keypunching
(page 39). The keypuncher will merely transfer the information written in the Substance
Coding Form to the corresponding columns on the computer card.

The Editor will also transcribe the substance name and number in the existing
Master Materials Directory (the Master Alphabetical and Numerical Printouts of the
Materials Directory).

D. FORMATS FOR THE SUBSTANCE CODING FORM

The following fo